Background & Aims: Remodelling of extracellular matrix is crucial in progressive liver
| INTRODUC TI ON
In the natural course of chronic liver disease, remodelling of extracellular matrix (ECM) leads to progressive fibrosis. [1] [2] [3] [4] [5] [6] Matrix metalloproteinases (MMPs) cleave ECM molecules and generate small peptide fragments, known as neo-epitopes. These neo-epitopes are released into the circulation, and they can be measured with the Protein Fingerprint Technology using specific antibodies. 6 The levels of these ECM markers reflect the degree of fibrosis, 4,7-9 success of anti-fibrotic therapy as well as magnitude of portal hypertension. 5, 10 The treatment of portal hypertension with transjugular intrahepatic portosystemic shunt implantation (TIPS) decompresses the portal venous system and might improve survival in selected patients. 11, 12 Cirrhosis with portal hypertension can deteriorate with systemic inflammation and acute decompensation (AD). AD of cirrhosis might progress to multiple organ failure, defining acute-on-chronic liver failure (ACLF) with poor survival. 15, 16 Interestingly, AD might boost the net deposition of collagen type III, a major component of the interstitial matrix, suggesting a new role of ECM in decompensated cirrhosis.
3
The ECM can be subdivided in two compartments; the basement membrane and the underlying interstitial matrix. The basement membrane provides structural support and polarity to epithelial cells, controls growth, cell migration and epithelialization during tissue repair. 17 In the liver, the ECM separating hepatocytes from sinusoidal endothelium is referred to as basement membrane-like matrix, as it in addition contains non-basement membrane constituents such as type I collagen and fibronectin.
18
Type IV collagen is the major collagen of the basement membrane, increasing up to 14-fold during cirrhosis, which is the highest relative increase among all collagens in the liver. 19 The role of collagen type IV turnover in patients with advanced cirrhosis and AD 20, 21 is still unclear and the interpretation of its turnover markers remains to be evaluated.
The present work investigates the role of collagen type IV turnover markers in the course of progression of liver fibrosis and gives insight to gender-specific patterns in decompensated cirrhosis.
| MATERIAL S AND ME THODS
Patients with decompensated cirrhosis from the prospective NEPTUN cohort (ClinicalTrials.gov Identifier: NCT03628807) who underwent TIPS procedure between 1996 and 2003 were included in this study.
Inclusion criteria were age between 18 and 80, cirrhosis caused by alcohol or viral hepatitis, and decompensated cirrhosis with indication for TIPS. Exclusion criteria were contraindications for TIPS placement, 22, 23 which were serum levels of bilirubin >5 mg/dL, spontaneous bacterial peritonitis, overt hepatic encephalopathy, pulmonary arterial hypertension and cardiac insufficiency. One to three weeks after TIPS insertion, an invasive control of the TIPS was performed as part of routine care. 9 Biochemical blood analyses were performed using standard tests. The local ethics committee of the University of Bonn approved the study (029/13), and all patients agreed and signed an informed consent in accordance with the Helsinki Declaration for the procedures they underwent.
| Transjugular intrahepatic portosystemic shunt insertion and haemodynamic measurements
TIPS (8-10 mm Wallstent, Boston Scientific, Massachusetts, USA) placement was performed as previously described. 22, 23 A single shot of antibiotic prophylaxis of cefuroxime (1.5 g) was administered at TIPS placement. Portal and hepatic venous pressures were measured invasively using a pressure transducer system (Combitrans, profiles with significantly lower levels in females compared to males. Females with higher C4M levels show higher mortality. By contrast, males with higher C4M levels show lower mortality. In multivariate Cox regression analysis, C4M is an independent predictor of survival in female patients.
Conclusion:
This study shows that markers of collagen type IV remodelling do not accumulate in severe renal dysfunction. Although collagen type IV degradation markers derive from the liver, portal venous C4M levels are relevant for survival. Moreover, it demonstrates that circulating C4M shows gender-specific profiles, which can independently predict survival in female patients with decompensated cirrhosis.
Braun Melsung, Germany) and a multichannel monitor (Sirecust, Siemens, Germany). The difference between portal and hepatic venous pressures was defined as portal hepatic pressure gradient (PHPG). The arterial pressure and heart rate were monitored noninvasively. Biochemical parameters as well as portal and systemic haemodynamics were recorded. The blood from the portal and the hepatic vein was collected as previously described. 24 The blood sample from the portal vein was taken immediately after puncture of the vein. The hepatic venous sample was taken from the hepatic vein, which was used for the creation of the TIPS, right before puncturing portal vein. Immediately after entering the portal vein, but before dilation of the tract or insertion of the TIPS-stent portal venous samples were taken. At invasive TIPS control after a median of 10 days range (1-3 weeks), the catheter was advanced into the portal vein. Blood from the portal and hepatic vein were collected. CXCL9, CXCL10 and CXCL11 were measured as previously described. 25, 26 Protein fingerprint markers were assessed in the portal and hepatic vein plasma samples. 
| Protein fingerprint marker assessment

| Statistical analysis
Plasma levels of the two Protein Fingerprint markers (PRO-C4 and C4M) were logarithmically transformed to obtain normality and symmetry of variance. All correlations were calculated using Spearman's correlation. Comparison of the levels of Protein Fingerprints assessed in portal and hepatic venous blood at baseline and at control visit were analysed using paired samples t test. Patient survival was calculated by Kaplan-Meier analysis, and survival curves were compared using log-rank test. Univariate and multivariate analyses on patient's characteristics as predictors of mortality were calculated by Cox regression analysis. All data are shown as median with 95% confidence interval (CI) in squared brackets or as mean ± standard error of the mean (SEM). Differences between curves were calculated using analysis of variance (two-way ANOVA). Inverse propensity score weighting was used to adjust for confounders between groups. P-values less than 0.05 were considered statistically significant. Statistical analyses were performed using SPSS 23 with The Essentials for R plugin (IBM, Armonk, New York, USA). Data were plotted using GraphPad Prism v.5 (Graph Pad Software, La Jolla, CA, USA).
| RE SULTS
| Patient characteristics
The study population included 105 cirrhosis patients, of those 67 (63.8%) were males. The median age was 59 (36-80) years.
Distribution of cirrhosis aetiology was alcohol in 75 (71%) patients, 
| Association of collagen type IV remodelling markers with venous compartments and gender
Interestingly, male patients had significantly higher levels of C4M
and PRO-C4 than female patients ( Figure 1A ). The levels of degradation marker C4M in hepatic vein were significantly higher than in portal vein before TIPS placement ( Figure 1B) . Similarly, the levels of formation marker PRO-C4 were significantly higher in hepatic vein compared to portal vein ( Figure 1C ). The liver therefore seems to be a main origin of these markers.
| Association of collagen type IV remodelling markers with ascites and renal function
Stratifying the patients for indication for TIPS, the levels of C4M in portal and hepatic vein are significantly lower in patients receiving TIPS for refractory ascites (n = 56) compared to those receiving TIPS for variceal bleeding (n = 37) ( Figure 1D ). We further stratified all patients according to the presence/absence and severity of ascites according to the International Club of Ascites. Indeed, patients with severe ascites showed significantly lower levels of PRO-C4 in portal and hepatic vein compared to patients with less severe ascites ( Figure 1E ).
Patients with impaired sodium excretion (lower than median)
showed significantly lower levels of PRO-C4 in portal and hepatic vein ( Figure 1F ). C4M levels showed a similar pattern ( Figure 1F ).
These data suggest that C4M and PRO-C4 do not accumulate with renal failure but rather are independent of renal function.
| Association of collagen type IV remodelling markers to mortality
Between male and female patients, only serum creatinine was statistically different with higher levels in male patients, the rate of severe ascites was not statistically different (Table 2) .
Kaplan-Meier survival curve for females showed that patients with higher than median levels of C4M either in portal or hepatic vein had significantly increased mortality ( Figure 2C ,D).
Inversely, in male patients, lower levels of C4M were associated with increased 5-year mortality ( Figure 2E ), whereas there was no association between C4M and mortality in the whole cohort (Figure 2A,B) .
shows levels of C4M and P4NP7S stratified by gender in hepatic and portal vein. Levels in females are significantly lower.
(B) shows levels of C4M in portal and hepatic vein. Levels in hepatic vein are significantly higher. (C) shows levels of P4NP7S in portal and hepatic vein. Levels in hepatic vein are significantly higher. (C) shows that before TIPS procedure, the levels of C3M and P4NP7S in portal and hepatic vein stratified for indication for TIPS. Levels of patients with refractory ascites are significantly lower. (E) shows levels of P4NP7S stratified for severity of ascites in portal and hepatic vein. Levels in patients with severe ascites are significantly lower. (F) shows levels of P4NP7S and C4M stratified for sodium excretion in 24 h urine. Levels of P4NP7S are significantly higher in patients with higher than median sodium excretion. Levels of C4M are significantly higher in patients with higher than median sodium excretion. *P < 0.05, **P < 0.01, ***P < 0.001, ns not significant Lo w e r th a n me d ia n
Hig h e r th a n m e d ia n (Table 3) . To account for confounders between the high and low C4M group, we performed inverse propensity score weighting, adjusted for age and MELD score.
Multivariate analysis after weighting shows serum creatinine and high levels of C4M as independent predictors of survival (Table 4) .
| Gender-specific correlation of collagen type IV remodelling markers with prognostic scores and markers of inflammation and hepatic injury
In order to analyse the gender-specific relationships of collagen type IV remodelling with systemic and hepatic inflammation, we performed correlation analysis stratified for male and female patients.
Interestingly, MELD score is inversely correlated with markers of collagen type IV remodelling only in females. In males there is a different profile, where collagen type IV remodelling markers do not correlate with MELD score. Importantly, C4M levels in hepatic vein significantly correlate with serum levels of alanine aminotransferase (ALT) as a marker of liver injury in females, while they do inversely correlate in male patients (Table S1 ).
In male patients, C4M and Pro-C4 in portal vein both positively correlate with markers of inflammation and immune activation CXCL-9, CXCL-10 and CXCL-11. 25, 26 In female patients, levels of C4M strongly positively correlate with CXCL-9, CXCL-10 and CXCL-11 levels, while Pro-C4 correlates inversely with CXCL-10 and CXCL-11 (Table S1 ).
| D ISCUSS I ON
This study covers a comprehensive analysis of the role of collagen type IV in decompensated cirrhosis. Its turnover markers do not accumulate with renal impairment and display a gender-specific profile with portal venous C4M as an independent predictor of survival in female patients.
In chronic liver disease, ECM remodelling is a key factor in progressing fibrosis. Different components of ECM are described in ECM remodelling. 29, 30 In a cohort of patients with alcoholic liver disease, various collagen types (I-VI) were associated with increased hepatic venous pressure gradient (HVPG). 9 Similarly, in compensated HIV/HCV-co-infected patients, the turnover marker of collagen type III, IV and V was associated with portal hypertension. 4 Importantly, ECM is highly dynamic as shown in HIV patients receiving antiretroviral treatment, which led to attenuation of remodelling of collagen type IV and elastin, but not collagen type III and biglycan. Recently, collagen type III deposition was shown to be boosted in AD and ACLF. 3 The present study suggests that the levels of collagen type IV remodelling markers do not accumulate with impaired α3(IV)α4(IV)α5(IV). 34 Moreover, the C4M and PRO-C4 markers target the alpha 1 chain of type IV collagen, 7, 8 further emphasizing our findings that the liver may be a main origin of these markers.
In contrast to interstitial matrix collagens, which are predominantly produced by fibroblasts, the basement membrane colla- Considering these gender-specific differences, it is not surprising that markers of collagen type IV remodelling have not been identified as non-invasive markers for outcome in cirrhosis yet. Interestingly, MELD score is inversely correlated with markers of collagen type IV remodelling only in females, while it did not in males. This finding underlines the independent roles of collagen type IV remodelling for survival in female patients with cirrhosis and suggests a mechanism independent of the routine parameters calculated into the MELD score. Moreover, C4M levels in hepatic vein significantly correlate with serum levels of ALT as a marker of hepatic injury in females, while they do inversely correlate in males. This indicates the different roles of collagen type IV remodelling in both genders not only for survival but for hepatic injury in cirrhosis.
In male patients, C4M and Pro-C4 in portal vein both positively correlate with markers of inflammation and immune activation CXCL-9, CXCL-10 and CXCL-11, suggesting an association of increased collagen type IV turnover and inflammation in males. In female patients, levels of C4M strongly positively correlate with CXCL-9, CXCL-10 and CXCL-11 levels, while Pro-C4 correlates inversely with CXCL-10 and CXCL-11. These data point out that in females, these inflammation markers are correlated with less formation and higher degradation, therefore decreased collagen type IV deposition.
Collagen type IV is part of basement membrane, which contributes to intestinal barrier function from bacterial translocation. 43, 44 Therefore, collagen type IV markers in portal vein might reflect remodelling of basement membrane and higher levels of the collagen type IV degradation marker C4M may indicate disruption of intestinal barrier function and consequently bacterial translocation, which could explain the independent predictive value for survival.
Confirmation of this hypothesis however is beyond the scope of this study and further studies are needed.
This study has a well-characterized patient cohort, but it has some limitations. Although all samples were obtained prospectively, the data collection and the measurements were carried out retrospectively. Moreover, liver biopsy was not performed. Finally, this study does not offer a pathophysiological mechanism to explain the gender-specific differences in collagen type IV remodelling profiles.
In conclusion, this study shows for the first time that markers of collagen type IV remodelling derived from the liver, do not accumulate with renal dysfunction. Moreover, collagen type IV degradation markers display a gender-specific profile, which can independently predict survival in female patients.
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